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Background: The reconstruction of mandibular defects after giant ameloblastoma resection is one of the most
challenging problems facing reconstructive surgeons. Mandibular resection has been associated with a poor quality
of life (QOL), particularly in adolescent patients reconstructed with a free fibula flap. This study aims to evaluate
QOL outcomes in adolescent patients who have had mandibular resections of giant ameloblastoma and
reconstruction with a free fibula flap and to collect information about their socio-cultural situation.
Methods: The present study assessed 45 adolescent patients who had undergone immediate mandible reconstruction
with a free fibula flap for faint ameloblastoma using University of Washington Quality of Life (UW-QOL) and 14-item Oral
Health Impact Profile (OHIP-14) questionnaires.
Results: Thirty-five of the 54 questionnaires were returned (64.81%). In the UW-QOL, of the twelve disease-specific
domains, the best three scores from the patients related to pain, shoulder and appearance and the worst three scores
related to chewing, anxiety and saliva. In the OHIP-14, the lowest-scoring domain was handicap, followed by physical
pain and social disability.
Conclusions: Mandibular reconstruction with a free fibular flap significantly influenced the adolescent patients’
QOL. Adolescent patients pay more attention to postoperative facial appearance; this should be considered in
surgical planning.
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In the recent histologic classification of odontogenic tu-
mors from the World Health Organization (WHO), ame-
loblastoma is defined as a benign, locally invasive epithelial
odontogenic neoplasm of putative enamel organ origin.
Ameloblastomas are benign, locally-invasive odontogenic
neoplasms of epithelial origin, which are derived from the
tooth-forming apparatus [1]. They account for approxi-
mately 60% of odontogenic tumors of the mandible and
10% of all jaw tumors [2]. The tumor was first described
by Broca in 1868 and named by Churchill. Although it is* Correspondence: zzyfykq4@163.com
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unless otherwise stated.considered to be benign, it may show various biological be-
haviors ranging from cystic expansion to a more aggressive
solid mass and even malignant transformation.
Ameloblastomas often present as painless, slow-growing
tumors that cause expansion resulting in perforation of
the cortical bone and eventually infiltrate into the adjacent
soft tissue. Approximately 10 to 15% of all ameloblastoma
occur in young patients; it is considered a rare tumor in
these groups [3,4].
In recent years, radical resection and immediate re-
construction have become the state-of-the-art proce-
dures in the management of ameloblastoma. Fibula is
the free flap most often used to manage extensive ame-
loblastoma of the mandible because it aims to providehis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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reported a significant series of free fibula flaps for man-
dibular reconstruction [5]. The free vascularized fibula
flap provides the longest segment of bone, with 20 to
30 cm available for harvest. This flap can be used to span
an angle-to-angle defect. The bone is also of adequate width
and height to allow for placement of osseointegrated den-
tal implants [6,7].
Mandibular reconstruction after resection of a tumor
is extremely important as it improves the patient’s qual-
ity of life (QOL). Mandibular function and facial aesthet-
ics are aspects that must be preserved [8]. Assessment of
the QOL provides information about the psychosocial
well-being of patients and the effects of the disease and
its treatment. Hence, it is an important tool for evaluating
outcome in conjunction with mortality, morbidity, sur-
vival and recurrence rates. QOL has become an increas-
ingly important outcome measure for patient’s undergoing
treatment for a wide array of illnesses.
The aim of our study was to evaluate by questionnaire
the QOL of adolescent patients who have had mandibular
defects after trauma or tumor resection and reconstruc-
tions with a free fibula flap. To our knowledge, few studies
have considered this in relation to adolescent patients’ free
fibula flap reconstruction. The findings could potentially
provide useful information for physicians and ameloblas-
toma patients while treatment is being planned.
Method
Details of patients
Our study was granted an exemption in writing by the
Ethical Review Board of the First Affiliated Hospital of
Zhengzhou University. There were 165 cases of ameloblas-
toma from all age groups diagnosed in the Department of
Stomatology at the First Affiliated Hospital of Zhengzhou
University from March 2004 to March 2013. Fifty-four
patients from this group who were diagnosed by histo-
pathology with giant ameloblastoma, and who underwent
immediate mandibular reconstruction with a free fibula
flap, were adolescent patients and are included in this
study.
They all satisfied the inclusion criteria: the free fibular
flap survived completely; there were no severe postoper-
ative complications; they had no previous or synchron-
ous malignancies and no cognitive impairment; and they
were at least 12 months after reconstruction and aged
less than 24 years.
Fifty-four patients (41 men, 13 women) met the inclu-
sion criteria. Most adolescent patients completed the
questionnaire when they returned to the hospital for re-
view. The remaining patients received a formal letter
explaining the study, an informed consent form, and the
University of Washington Quality of Life (UW-QOL)
and the 14-item Oral Health Impact Profile (OHIP-14)questionnaires, as well as a questionnaire exploring so-
cial and educational status. Patients who did not reply
within one month received a reminder. Patients, who
could not fill in the questionnaires themselves, for ex-
ample because of dementia or language problems, were
excluded from the study.
We compiled and reviewed data for preoperative vari-
ables (tumor primary site, sex, age); reconstruction flaps
characteristics (flap complications and flap success); follow-
up information (recurrence and survival situation).
Questionnaires and data collection
Although many generic QOL instruments have been de-
veloped over the past 30 years, the OHIP-14 [9] and the
UW-QOL [10] are most commonly used for cancer pa-
tients. The UW-QOL scale is filled in by the patient and
provides a broad measure of QOL for patients with head
and neck cancer with good acceptability, practicality, val-
idity, reliability, and responsiveness [11]. The question-
naire is composed of 15 domains: 12 are disease-specific
items (pain, appearance, activity, recreation, swallowing,
chewing, speech, shoulder, taste, saliva, mood, and anxiety),
and 3 are global questions. Each of the twelve included
questions has three to six response options. The domains
are scored on a scale ranging from 0 (worst) to 100 (best).
Besides the 15 questions, patients were asked to choose no
more than 3 of the 12 disease-specific domains that had
been the most important to them in the preceding 7 days.
We scored the individual domains according to the UW-
QOL guidelines. The standard UW-QOL is available as a
Chinese version and has been validated for a Chinese
population [12].
The OHIP-14 consists of 14 items divided into 7 different
domains: functional limitation, physical pain, psychological
discomfort, physical disability, psychological disability, so-
cial disability, and handicap. Each item is scored as: 0 =
never; 1 = hardly ever; 2 = sometimes; 3 = fairly often; and
4 = very often. The domains are scored on a scale ranging
from 0 (best) to 100 (worst). The higher the score, the
poorer the patient’s state of health. The standard OHIP-14
is available as a Chinese version and has been validated
for a Chinese population [12].
Statistical analysis
Data were recorded and analyzed with SPSS 16.0 statis-
tical software (SPSS Inc., Chicago, IL, USA). The signifi-
cance level was set at P < 0.05.
Result
Patients
Of the 54 patients who were sent a questionnaire, 35
(64.81%) completed and returned it. Eight questionnaires
were returned stating that the patients had changed their
address, six patients declined to participate, and five
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minder. Of the 35 patients who completed the question-
naires there were 23 men and 12 women, median age 17
(range 10 to 24). The postoperative follow-up period
ranged from 12 to 32 months. Details of the patients
and their tumors are shown in Table 1.
There were 14 (40.0%) tumors on the left side, 12
(34.28%) on the right, and 9 (25.72%) that crossed the
midline. There were 15 (42.86%) tumors in the body and
angle of the mandible, 12 (34.28%) that occupied the
body-angle-ramus of the mandible, 8 (22.86%) in the body
of the mandible. Sizes of the lesions ranged from 3.8 ×
1.3 cm2 to 6.4 × 4.3 cm2. Radiographic appearance in 24
(68.57%) cases was unilocular; 11(31.43%) cases were mul-
tilocular. Clinical classification included 26 (74.29%) solid
type and 9 (25.71%) unicystic type tumors.
Quality of life
UW-QOL: the scores for 12 disease-specific domains and
the importance of each domain are all shown in Table 2.
Topping the list of GOOD-scoring domains was pain
(82.21 ± 5.78), 42.85% of patients scoring ≥ 80% in pain do-
main. Of the twelve disease-specific domains, the best three
scores were for pain, shoulder and appearance; the worst
three scores were for chewing, anxiety and saliva. Chewing
was considered to be the most important issue in the previ-
ous seven days, followed by speech and appearance.
Importance of domains: percentage of patients that con-
sidered that particular domain important (up to three do-
mains per patient).
OHIP-14: distributions of OHIP-14 domain scores at
presentation are shown in Table 3. The best domain scoresTable 1 Patient profiles
Variables N %
Age
< 18 years 26 74.29%













Multilocular 11 31.43%for the complete group were 36.34 for handicap, 38.54 for
physical pain, and 40.24 for social disability. The highest
score was for psychological disability (53.45 ± 2.54) and
physical disability (73.14 ± 10.24). No patients scored 40%
or less in physical disability.
There were a total of twenty-six (74.29%) adolescent pa-
tients in school. Four (11.42%) patients in primary educa-
tion. Seven patients (20.00%) in junior middle school, nine
(25.71%) patients in senior school, six patients (17.14%) in
university graduation. Four patients could not read or write,
and needed parents help to complete the questionnaire.
Discussion
Ameloblastomas are benign, locally-invasive odonto-
genic neoplasms of epithelial origin, which are derived
from the tooth-forming apparatus. As the name implies,
it was assumed that ameloblastomas are derived from
ameloblasts. This assumption has now almost certainly
been confirmed in studies that have shown that the cells
of origin are epithelial cells that can express amelogenin
[13]. The treatment of giant ameloblastoma tumors af-
fecting the jaw bones often requires extensive resection
and results in loss of bone continuity, modifying the
contour of the face. Mandibular resection often involves
the loss of an important bone segment, including teeth.
Mandibular bone defects can cause asymmetry, facial
disharmony, and tooth loss which compromises chew-
ing. The mandible plays a major role in airway protec-
tion and support of the tongue, lower dentition, and the
muscles of the floor of the mouth permitting mastication,
articulation, deglutition, and respiration. It also defines the
contour of the lower third of the face. Interruption of
mandibular continuity, therefore, produces both a cos-
metic and functional deformity [14].
The free fibula flap as a source of vascularized bone in
reconstructive surgery is in wide use. The fibula has
been demonstrated to be an ideal flap for mandibular re-
construction. This is particularly true when a limited
number of fibular osteotomies are needed to provide ap-
propriate bone shape. When the needs of reconstruction
involve muscle bulk, the flexor hallucis longus can be in-
corporated in the flap. Because the craniofacial bones,
teeth, and soft tissues of adolescent are not completely
developed, surgery has the potential to cause irreversible
deformities, presenting a great challenge for doctors,
who must not only treat the disease, but also consider
the aesthetic results in light of the postoperative growth
and development of these adolescent patients.
The expectation of clinical outcome of reconstruction
is regarded to be the most important factor in the deci-
sion, and QOL measurement provides information about
perceptions of patients [15]. The relatively large number
of questionnaires specific for diseases of the oral cavity
reflects the fact that there is no ‘gold standard’. We used
Table 2 Means of scores of items and scales of UW-QOL questionnaire
Mean SD Median Range GOOD score, %* Importance of domains, %* Rank order
UW-QOL
Pain 82.21 5.78 82.00 60 to 93 42.85% 0% 11
Appearance 78.12 11.56 78.00 60 to 90 25.71% 48.57% 3
Activity 69.48 7.56 69.00 40 to 84 8.57% 17.14% 7
Recreation 68.21 10.59 68.00 50 to 78 0% 14.29% 8
Swallowing 77.32 6.77 77.00 45 to 88 28.57% 5.71% 10
Chewing 28.48 3.18 29.00 0 to 68 0% 77.14% 1
Speech 71.26 12.57 71.00 35 to 87 22.86% 54.29% 2
Shoulder 80.29 9.01 81.00 55 to 88 40.0% 0% 11
Taste 71.23 8.76 71.00 52 to 88 25.71% 11.43% 9
Saliva 60.02 7.62 60.00 30 to 82 42.42% 22.86% 5
Mood 67.09 1.15 68.00 30 to 90 11.42% 20.00% 6
Anxiety 55.76 8.23 55.00 26 to 70 0% 28.57% 4
*GOOD score %:% scoring ≥ 80.
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postoperative QOL of adolescent patients and the pos-
sible relation to reconstructive surgery with a free fibula
flap.
The oral specific questionnaire was able to better dem-
onstrate the changes in quality of life due to surgery.
Many scholars have chosen to use the UW-QOL ques-
tionnaire. The UW-QOL measure was chosen as the
head and neck specific questionnaire because it is short
and easy for patients to complete themselves, thus mak-
ing it ideal in a busy outpatient setting. We can see that
the highest score of UW-QOL subscales in this study
was in the pain domain (82.21 ± 5.78), 42.85% of patients
scoring ≥ 80% in this domain, which indicated a slight
damage in the pain domain. Of the twelve disease-specific
domains, the best three scores were for pain, shoulder and
appearance; the worst three scores were for chewing, anx-
iety and mood. A remarkable finding was that the high
score of UW-QOL subscales in this study was in the pain
domain. The mean score was 82.21, which indicated a
great improvement in pain. We found anxiety (55.76 ±
8.23) and mood (67.09 ± 1.15) domains to have a low
score. This suggested that some adolescent patients were
in a bad psychological state and that the surgery had some
negative influence.
The appearance domain of UW-QOL had been identi-
fied as a predictor of the overall burden of oral cancer
patients. We found that 48.57% patients were satisfied
with the appearance domain. This may be due to free
fibula flaps providing us with the opportunity to more
carefully address the aesthetic and functional recon-
struction of mandible defects based on the wide variety
of bone and soft tissue available. The reconstruction of
the mandible retained the contour of the lower third ofthe face, thus, giving patients a better postoperative
facial appearance.
However, a remarkable finding was that the lowest
score of UW-QOL was in the domain of chewing. This
may be because mandibular defects cause the loss of
some teeth and, therefore, the ability to chew. This con-
firms the report of Rogers et al. [16] who showed that
patients had chewing problems after segmental mandi-
bulectomy and reconstruction using a composite free
tissue transfer. Dental implants can resolve this problem,
but are difficult in Chinese patients because immediate
dental implant placement prolongs rehabilitation time,
increases the number of required surgical procedures
and imposes an additional economic burden. However,
we believe that dental implant placement should be con-
sidered an integral part of treatment, especially in ado-
lescent patients.
Hsing et al. and Rogers et al., in their studies on
importance-rating using the UW-QOL questionnaire in
patients treated by primary surgery for oral cancer,
found that they tended to rate speech, chewing, and
swallowing as more important than the other UW-QOL
domains. Other studies of importance-rating include Lin
et al. whose results emphasised swallowing, chewing and
speech as important and Li et al. whose results rated
chewing, swallowing, and saliva [11,12,14] as important.
Wang et al. in their study on importance-rating used the
UW-QOL in similar patients to ours and found that pa-
tients tended to rate swallowing, chewing, and speech as
more important than the other UW-QOL domains [15].
We found that chewing, speech, and appearance were
the most important. This is maybe because in traditional
Chinese culture we pay more attention to diet than to
other domains.
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sive measure of the dysfunction, discomfort, and disabil-
ity attributed to oral conditions. The OHIP-14 consists
of 14 items organized into 7 subscales that assess how oral
health can affect physical and social wellbeing. In addition
the patient can complete it in ten minutes. There were
some lower score in the domains of Handicap (36.34 ±
0.95), Physical Pain (38.54 ± 1.11) and Social disability
(40.24 ± 10.24); however, postoperatively there were higher
scores for (73.14 ± 10.24) and Physical Disability (53.45 ±
754). No patients scored 40% or less in Physical Disability,
which shows that operations for mandibular resections of
giant ameloblastoma in adolescent patients and recon-
struction with a free fibula flap do have an overall effect
on oral health.
Twenty-six (74.29%) adolescent patients in school. Four
(11.42%) patients in primary education. Seven patients
(20.00%) in junior middle school, nine (25.71%) patients in
senior school, six patients (17.14%) in university gradu-
ation. Four patients could not read or write, and needed
parents help to complete the questionnaire. For some ado-
lescent patients, physical and psychological immaturity
made illness interpretation very difficult for doctors and
so parents needed to assist by giving the correct interpret-
ation of their child’s illness. The UW-QOL and OHIP-14
do not contain a section on the effect of the free fibula flap
donor site on QOL and function. The free fibula flap’s pri-
mary donor site left a scar, but as the donor site closure is
hidden, patients can easily accept donor site morbidity. In
our study, some patients were worried about moving the
operated limb, thereby reducing the normal activities.
However, Farhadi et al. found no clinically obvious differ-
ence in movement between the donor and un-operated
limbs [15]. We compared the patients’ donor and un-
operated control legs with regard to range of motion of
ankle inversion and eversion and normal leg movements.
All patients showed that there were no significant differ-
ences between the two leg movements after 12 months.
The radiographic appearance of ameloblastoma in ad-
olescents can be classified as unilocular or multilocular.
In studies by Kahn et al. [17] and Huang et al. [18], the
majority of tumors were unilocular (68.42% and 66.67%,
respectively). This was also true of the present study, in
which 68.57% (24/35) of the patients had unilocular le-
sions. Most authors have reported that [19] unilocular
tumors have more complete cystic walls with weak local
infiltration, a small degree of bone involvement, and no
residual tumor after thorough curettage. However, multi-
locular tumors are highly destructive and invasive, and
conservative treatment often leaves residual tumor, fre-
quently recurrent.
Because the craniofacial bones, teeth, and soft tissues
of adolescents are not completely developed, surgery has
the potential to cause irreversible deformities, presentinga great challenge for doctors, who must not only to treat
the disease, but also consider the aesthetic results in
light of the postoperative growth and development of
these adolescent patients.
There were some limitations in our study. First, this was
not a randomized study. Selection bias inevitably existed.
Second, although the treatment guidelines are standard-
ized at the study institute, individual variations among
surgeons certainly exist. Finally, the time from treatment
to questionnaire was not uniform for each patient.
Conclusions
Immediate mandibular reconstruction with a free fibula
flap for giant ameloblastoma patients would have signifi-
cantly influenced the adolescent patients’ quality of life,
especially regarding their chewing, anxiety levels and men-
tal health. Adolescent patients pay more attention to ap-
pearance and activity domains than other age groups, so
this should be considered for surgical planning.
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